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THE limited published data (3) on the vitamin C content of1 American apples show protective levels on guinea pigs from
10 to over 40 grams. Bracewell and
co-workers (2) working with
EnSish varieties found Bramley's Seedling to
give full protection
from scurvy at a feeding level of 3 to 4
grams Other varieties
le™ much less active. These investigators (1) likewise
found
much greater vitamin activity in the flesh
close to the epidermis
Sn in the flesh near the core. The epidermis itself was not
aS
Gi
y
ve
d
ns McCluggage and Van Horne (4)
obtained protection
from cu^vy wiAdaHy doses of 10 grams of raw
apple juice. Heat
preserved apple products were deficient in
vitamin C Robison (5)
obtained protection from scurvy in guinea
pigs at a 4-gram level
by the use of concentrated apple juice.
This amount was equiva-
lent to about 24 grams of pressed juice.
Fellers Clevellnd, and Clague (3) recently
discovered that the
Baldwin aoole is a rich source of vitamin C, that
storage causes a
SrSlos? that spraying the trees has no effect on the vitamin
Snfent and that h
'
re'shly expressed juice also retains the Vitamin.
On th 'other hand, bottled or stored cider or
canned, strained apple
?au«" hive very little vitamin C. Additional
data are now pre-
*
The' method of Sherman, La Mer, and
Campbell (4) for vitamin
C ^termination was used. Young,
300-gram guinea PJg
^J^
a ration adequate in all respects except
for vitamin, C The animals
were forced to derive all of their vitamin
C from this fruit It the
Tmount of fruit fed contained insufficient
vitamin C loss o weight
accompanied by symptoms of scurvy occurred ^=™ » *J
days. At death or after the completion
of the 90-day test^penoa,
fh animals were autopsied and the ^^ ZTsZ^LT A
teeth ioints intestines, and muscles recorded
on a score card, a
normal animal has a score of 0 while the
maximum score for ex-
to be certain thai each animal
received his full portion. Animals
were kept in individual cages.
^ntribution No. 162, Massachusetts Agricultural
Experiment Station.
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Comparison of Baldwin Apple Flesh and Epidermis
Apples held in storage from October to February 12 were used.
The vitamin C content was about 20 per cent less than in freshly
picked fruit. However, 5 grams daily afforded full protection from
scurvy and gave normal weight gains. The apples were machine
peeled and all adhering flesh carefully removed by hand from the
epidermis. Next, the flesh was removed to a depth of approximately
% inch from the peeled surface. This sample constituted the "flesh
near the skin" portion. Finally, the third portion constituting the
"flesh near core" sample was cut from the pulpy area near the seed
cells but did not include any seed cells or seeds. The data are
represented in Fig. 1.
The epidermis is much richer in vitamin C than any other portion
of the Baldwin apple tested, 1 gram daily giving excellent growth
and full protection. It is probable that even 0.5 gram or still less
would likewise be protective. Next in antiscorbutic activity comes
the flesh near the epidermis. Three grams daily afforded full pro-
tection and gave maximum growth. One gram hardly sufficed to
prevent scurvy, though small weight gains occurred. It is probable
that 2 grams of the flesh near the epidermis would give full pro-
tection. On the other hand, 4 grams of the flesh near the core
failed to maintain growth or protect, though 8 grams did so. On
this basis the epidermis is about four times as rich as the flesh im-
mediately beneath it, and six to ten times as rich as the flesh near
the core.
Vitamin C in McIntosh Apples
The Mcintosh apple has apparently not been studied in regard to .
vitamin C. The following experiments were conducted in the fall
of 1932 while the fruit was fresh and firm. The authors wished to
determine whether the distribution of the vitamin C in the Mcintosh
variety followed that found in Baldwin. However, only whole
fruit (radial sectors, including .epidermis) were compared, because
of the surprisingly low antiscorbutic activity of the Mcintosh The
data are given in Fig. 2.
It is apparent that the Mcintosh is approximately from \ to
j\ as rich in vitamin C as the Baldwin. Even 25 grams fed daily
gives insufficient scurvy protection ; that is, this variety is a very
poor source of vitamin C. However, inasmuch as 2 grams of the
epidermis gave a slight degree of protection, it is apparent that the
epidermis' is very much richer in vitamin C than the flesh.
In many vitamin studies, the variety factor has been either dis-
regarded or assumed to be of minor importance. Manifestly this
cannot be done in the case of apples. There is evidence that the
vitamin-rich varieties, Baldwin and Bramley's Seedling possess
the same chromosome count, e.g., 51, while several of the vitamin-
poor varieties, such as Mcintosh and Worcester Pearmain, show
counts of 34. This may furnish an explanation for variety variation
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Fig. 1. Vitamin C in the Flesh and Skin of Baldwin Apples.
Explanation: Animals fed (1) 1 g. apple skin, scurvy score 0; (2) 3 g. apple
flesh near skin, scurvy score 0; (3) 8 g. apple flesh near core, scurvy score 0;
(4) 2 g. apple skin, scurvy score 0; (S) 1 g. apple flesh near skin, scurvy
score 8; (6) 4 g. apple flesh near core, scurvy score S.
Fig. 2. Vitamin C Distribution in Mcintosh Apples.
Explanation: Animals fed (1) 25 g. apple; (2) 2 g. apple skin, scurvy score 14;
(3) 12 g. apple, scurvy score 14; (4) 0.5 g. apple skin, scurvy score 13; (5)
5 g. apple, scurvy score 16.
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Fig. 3. Vitamin C in Baldwin Apple Juice, Fresh and Pasteurized Cider,
and Apple Sauce.
Explanation: (1) 7.5 grams pressed cider, 1 to 7 days old, scurvy score 0; (2)
20 grams freshly made unstrained apple sauce, scurvy score 1.5
; (3) 6 grams
centrifuge extracted fresh apple juice, scurvy score 1.5; (4) 5 grams pressed
cider, 1 to 7 days old, scurvy score 5; (5) 10 grams canned unstrained apple
sauce, scurvy score 9; (6) 10 grams canned strained apple sauce, scurvy score
14; (7) 8 grams bottled pasteurized cider, scurvy score 14. Experiments 1.
2. and 4 were conducted Nov.-Tan. 1933 ; 3, May-July 1932 ; 5. 6, and 7, Feb.-
Apr. 1932.
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in vitamin C content. Several additional varieties are now being
assayed for vitamin C with the idea of gathering- further data on
this question."
Vitamin C in Apple Sauce and in Fresh and Preserved
Apple Sauce
Large quantities of apples are consumed as apple sauce and apple
juice or cider. Preliminary data (3) on these products manufac-
tured from Baldwin apples in 1931 showed that freshly made apple
juice (not pressed) retained nearly all of the vitamin C, while
ciders preserved by heat pasteurization or sodium benzoate were
very deficient. Similarly, canned, strained Baldwin apple sauce
retained very little vitamin C.
A few additional assays of freshly prepared juice and apple sauce
of the 1932 crop of Baldwin apples yielded data presented in Fig. 3.
These curves are largely self-explanatory. It should be pointed out
that though the vitamin C potency of the storage Baldwins used
for the canned apple sauce and preserved cider was 5 to 6 grams
daily per guinea pig, the fresh 193 1 and 1932 crops protected fully
from scurvy at the 4-gram level. The fresh centrifuge-extracted
juice is only slightly inferior to the fruit itself. Pressed Baldwin
cider stored at 38 degrees F for 1 to 7 days gave full protection
from scurvy at the 7.5-gram level. Though weight gains were made
at the 5-gram level, there was insufficient vitamin C to entirely
prevent scurvy, the average score at autopsy after 55 days being
five. That is, commercial sweet cider only a few days old, retains
somewhat over 50 per cent of the vitamin C of the apples from
which it is made.
No measurable vitamin C was found in canned strained apple
sauce fed at the 10-gram level ; canned unscreened sauce, though
somewhat more active, could not be considered a good source of the
antiscorbutic vitamin. Freshly prepared unstrained apple sauce,
when fed at the 20-gram level, corresponding to 16 grams of fresh
apples, gave good growth gains and nearly full protection from
scurvy. On this basis, freshly made unstrained apple sauce retains
approximately 20 to 30 per cent of the fruit's original vitamin C
content.
Conclusions
The Baldwin apple and its freshly expressed juice are good
sources of vitamin C. These foods gave complete protection from
scurvy at the 4- and 7.5-gram levels, respectively. Benzoated or
pasteurized ciders as well as canned apple sauce were poor sources
of vitamin C. Freshly made apple sauce retains 20 to 30 per cent
2Since presenting this paper our attention has been called to a recent paper
by Crane and Zilva, Jour. Pomology and Hort. Sci. 9:228-231, in which J. B. S.
Haldane is credited with suggesting the possibility of correlating vitamin C
with chromosome counts in apples. Belle de Boskoop and Blenheim varieties,
both with chromosome counts of 51, were rich in vitamin C. However, Lane's
Prince Albert, a 34 count variety, was fully as high as Blenheim. Other 32
count varieties were poor reservoirs of vitamin C.
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of the original vitamin C content of the fresh apple. The Mcintosh
apple is a very poor source of vitamin C, 25 grams daily failing
to protect guinea pigs from scurvy. In the Baldwin apple, the
vitamin C is concentrated in the epidermis and in the fleshy cortex.
The epidermis is about 4 times as active as the flesh near it and 6
to 10 times as active as the flesh in the pulpy area near the core.
The epidermis of the Mcintosh apple is likewise notably richer in
vitamin C than the flesh itself.
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Introduction
In spite of the economic importance of the apple,
relatively little has been done, especially in the United
States, on the determination of its vitamin C content. At
this station, some studies were made on the Baldwin and
Mcintosh varieties by Fellers, Isham, and Smith (10) and
by Fellers, Cleveland, and Clague (9). Because such a wide
range in the protective dose between these two varieties
was found, it was felt that more work should be done to
determine the protective levels of other important varieties.
Accordingly, in January 1933, preliminary tests were started
on ten varieties and continued through 1934 until a total of
twenty-one varieties have been assayed. A little work was
done on dried Baldwins, some dipped in a one-tenth percent
solution of sodium sulfite before drying, and some dried
without dipping.
Review of Literature.
The most extensive work on vitamin C assays of the
a-or>le have been carried out in England at John Innes Horticultural
Institution and The Lister Institute. Research has been carried
on in the United States on a few varieties at several State
Experiment Stations.
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In addition to the determination of the vitamin C
content of the fruit, investigations were conducted on the effect
of storage, spraying, fertilization, season, and distribution of
the vitamin C in the apple. A brief summary of the literature
of each of the above factors will be presented followed by a
table showing the protective levels determined by the various
workers.
The Effect of Storage
Fellers, Cleveland, and Clague (9) working with
Massachusetts Baldwin found a loss of 20& of the vitamin C content
after four to six months storage at 36° F. and a 33$ loss after
nine months storage at 36° F. Hessler and Williams (15) and
Hessler and Craig (14) found a loss of from 30$ - 50$ in Jonathan
stored from December to May. Bracewell, Hoyle, and Zilva (2)
found no loss of vitamin C in Bradley' s Seedling stored for three
months at a temperature of 33°-34° F.
The Effect of Spraying
Relatively little has been done on the effect of spraying.
Fellers, Cleveland, and Clague (9) found no significant difference
between unsprayed Baldwins and those sprayed with lead arsenate.
In the case of oranges, Nelson and Mattern (23) found lead arsenate
sprays reduced the vitamin C content.
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Sensorial Variations.
Bracewell, Kidd, West, and Zilva (?) found no seasonal
variation in the vitamin C content. Braraley's Seedling harvested
at the end of July contained the same amount of vitamin per gram
of apple as did Bramley's Seedling harvested at the usual time
in October.
Effect of Fertilization
The only work reported on the amount of vitamin C in
pooles from fertilized and unfertilized trees seems to be that
of Potter and Overholser (25), who found slightly more vitamin
C in apples from trees receiving a complete (N.P.K.) fertilizer
than in the fruit from unfertilized trees.
The Effect of Dehydration
Eckraan (8) in 1922, assayed several kinds of fruit
after dehydration for vitamin C content. Except in the case of
peaches, he found very little retention of the vitamin C. He
does not report the variety of apples assayed nor does he give
the method of dehydration. Animals receiving three grams daily
of the dried apple died of acute scurvy in about twenty-five days.
After twenty-five days animals receiving four grams were fed all
they would eat and died at about forty-five days.
Givens, McCluggage. and Van Home (11) found ten grams
of fresh apple gave complete protection but that equivalent amounts
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of dried apple gave only a very slight degree of protection.
These authors also did not state the variety of apole that was
assayed.
Distribution of Vitamin C in the Apple
A very definite distribution of the vitamin C content
of apples has been found by several investigators.
Fellers, I sham, and Smith (10) found the epidermis of
Baldwin to be four times as active as the flesh near it, and
six to ten times as active as the flesh near the core. In Mcintosh,
a very poor source of vitamin C, they found that two grams of the
epidermis furnished a slight degree of protection.
Bracewell, Kidd, West, and Zilva (3) working with Bramley's
Seedling found one gram of peel gave complete protection and in the
case of Newton Wonder three grams of peel. They determined that in
the case of Bramley's Seedling the peel was three to four times as
active as the outer cortex and six times as active as the inner
cortex.
Protective Amounts of Varieties
as Reported by Other Investigators
The findings of other investigators have been summarized
in Table 1 which gives the authors of the investigation, the year
the work was reported, the period of storage, the varieties assayed,
and the protective level of the fruit.
i
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Table 1 Vitamin C in Apple Varieties Assayed by Various
Investigators
Authors Year Months in Variety
Storage
Bracewell
,
Hoyle and 1930
Zilva (2)
0-2 Cleopatra
Jonathan
Strawberry Pearraain
King
Brsmley' s Seedling
Worcester Pesrmain
Cox Orange Pippin
Woodbine
Dahinett
King Edward
Protective level
grams
More than 20
10 - 20
More than 20
10 - 20
3
More then 20
20
20
10 - 20
More than 20
Crane and 1931
Zilva (4)
Not
indicated Belle de Boskoop
Blenheim
Bramley's Seedling
Lane ' s Prince Albert
3-5
10-20
3-5
5-10
Normal Cox Orange Pppin Slightly above 20
Worcester Pearmain More than 20
Newton Wonder 10
King Edward Slightly above 20
Crane and 1932
Zilva (5)
Not
indicated
Bramley's Seedling
Belle de Boskoop
Genet Moyle
Reinette du Canada
3-5
3-5
Slightly above 5
Slightly above 10
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Authors Year Months in Variety
Storage
Protective Level
grams
Warness King Slightly above 10
Ribston (East Mailing) Slightly above 10
Ribston (Canada) Slightly above 20
Baldwin
Gravenstein
Lane's Prince Albert
Newton Wonder
Cox Orange Pippin
King Edward
Worcester Penrmain
10 - 20
Much above 20
5-10
5-10
Slightly above 20
Slightly above 20
More than 20
Fellers, 1933 0 Baldwin
Cleveland,
and Clague(9) 8-9 Baldwin
Fellers, 1933
I sham,
and Smith(lO)
Mcintosh More than 25
G-ivens, 1921
McCluggage, and
Van Horne(ll)
v. Hahn(l2) 1931
not
given
Not
given
Not given
August
Cleo
Gravenstein
Jonathan
Reinette
10
Slightly above 20
10
10
10
10
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Authors Year Months in Variety
Storage
v. Hahn(13) 1933
Kolman,
Eddy, and 1924
Carlsson(l7)
Potter(24) 1933
Hessler and 1929
Williams(l5)
Hessler and 1929
Craig(l4)
Batchelder(l) 1934
Scheunert(26) 1930
Not
given
0
0
0
2
Not
given
6-8
6-8
0
0
6-8
Holzapfel (crab)
Yellow Newtown
Wine sap
Not given
Jonathan
Jonathan
Delicious
Protective Level
grams
More than 7.5
5-10
20
20 - 25
30-40
25
Oberdieks Goldrenette Poor
Parker 1 s Peppin Poor
Minister wn Hammeistein Good
Md. Lammen Good
Pfirchsapfel Poor
The column "months in storage" refers to the period in storage at
the start of the ninety day assays.
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As can be seen from Table 1, the greatest number of
vitamin C assays of apple varieties has been carried on in
England and Germany. These European investigators working
for the most part with their own native varieties, have found
a very great range in the amount of vitamin C in the various
varieties, which is similar to the results obtained in the work
that was done for this thesis. In most cases the actual protective
level was not given but, as is indicated in the table, was
reported as being between certain feeding levels. In the case
of one German reference, no definite amounts were given but a
variety was reported as a good or poor source of vitamin C.
It was thought that a summary of the potency of some
of the important fruits other than apples would be helpful.
Accordingly Table 2 is presented which gives the authors of
the investigation, the kind of fruit, and the approximate
protective level for a three hundred gram guinea pig.
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Table 2 Vitamin C content of Important Fruit Crops in Addition
to the Apple.
Authors Kind of Fruit Protective Level
Isham and Fellers (16) Cranberries 3.5 - 4.5
Morgan and Field (20) Peaches 8
Craven and Kramer (6) Pears 10 - 15
Daniel and Munsell (7) Grapes More than 15
MacLeod and Booher (13) Grapefruit 2
Miller (19) Pineapple 5
v. Hahn (12) Black Currants .5
Orange .5
Strawberry 1
•
Raspberries 2
Gooseberries 2
Tangerines 2
itea. uurrani/S u
Sour Cherries a
Quince
Pear 6
Banana 6
Pineapple 6
Figs 6
Apples 10
Defending upon the variety, the apples assayed in this thesis
varied in their protective level from four grams to more than
twenty-five grams.
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Experimental Part
Three hundred gram guinea pigs purchased locally in
Amherst were used in all assays. The animals were housed in
individual cages with quarter inch sand wire bottoms which
allowed feces to drop through on to trays beneath. The animals
were fed the following basic ration.
Bran and rolled oats equal parts 59 parts
Baked skim milk powder 30 parts
Butter fat 10 parts
Sodium chloride 1 part
Cod-liver oil 1 part
This ration and water was kept before the animals at all times.
It was found that animals fed on this ration died of acute scurvy
after about twenty-five days.
The tests were run for a period of ninety days gt the
end of which time the animals were autopsied end scored according
to the method of Sherman, La Mer, and Crmpbell (27). Any animals
which failed to survive the experimental period were scored at
the time of death. According to this method the score for a
normal animal is 0 and the score for an animal with maximum scurvy
is 24. Depending upon the severity of the case the following
symptoms receive one, two, or three points each. Characteristic
hemorrhages on the muscles (1), hemorrhages on the ribs (2),
hemorrhages on the intestines, stomach, and bladder (S), hemorrhages
- 11 -
at the knee joints of the hind legs (4), softness and deterioration
of the jaw hone (5), looseness and deterioration of the teeth of
the lower jaw (6), swelling and softness of the knee joints of
the hind legs (7), swelling on the costochondral joints of the
ribs( see plate 1)
.
Since a weight curve is an important aid in evaluating
the amount of vitamin C, all animals were weighed every five days.
Averages of these weights are shown in Figures 1-7.
In all cases, the daily amount of apple fed was baBed
upon the requirements of a three hundred gram guinea pig. Thus,
if a three hundred gram guinea pig was getting six grams daily,
a four hundred gram pig would receive eight grams. The level was
not increased until the animal reached the four hundred gram
level, hut was increased proportionately thereafter. If an
animal dropped in weight below three hundred grams it was,
nevertheless, fed the amount a three hundred gram animal would
receive. Radial sectors of each variety were fed since this
method of slicing insured a uniform slice for comparison. Because
there is more vitamin C in the peel and the flesh near the peel
than in the flesh near the core, an animal did not receive more
vitamin C in the slice of apple fed one day than he did from that
fed another day. The sectors did not include any of the core
itself nor the seeds.
The apples were all harvested in the college orchards at
Amherst and placed immediately into cold storage at a temperature
- 12 -
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Plate 1 Photograph of the ribs of a
normal (lower) and a
scorbutic (upper) animal. Both the animals
were the same
The difference in size is apparent as
well as the marked
swellings of the costochondral joints of the
ribs of the
scorbutic animal.
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of 33°-34° P. A week's supply of apples at a time was removed from
the college cold storage building and placed in the refrigerator room
of the Horticultural Manufactures building at an average temperature
of 36°-38° F. In this way none of the fruit was out of regular storage
for more than one week before it was fed to the animals. In practically
every case the animals greedily ate the entire apple portion offered
them. In two instances animals which did not eat the apple at all died
in twenty-six days with an average scurvy score of 14. A total of
about three hundred animals was used in these assays.
Discussion of Experimental Results.
The combined data of all assays of fresh fruit are shown in
Table 3 which gives the variety of apple, number of animals on each
level, the amount of apple fed daily, the average change in weight, the
average survival period, and the average scurvy score. The average
change in weight is figured from the final weights of the animals
which were recorded every five days throughout the experimental period.
The change in weight of each animal at the end of the ninety days from
its original weight at the start of the experiment is totaled for each
feeding level and divided by the number of animals on that level. This
gives the average change in weight for the feeding levels. The average
scurvy scores for each feeding level were figured in a similar manner
from the individual scores at the time of autopsy.
In Figures 1-7 are shown the average growth curves
of each feeding level of each variety. The animals were weighed
every five days and the change in weight was averaged for every
five day period. This average five day weight change for the
- 14 -
Table 2 Vitamin C content of Apple Varieties.
Variety
of Anple
Arkansas
Astrachan
Baldwin
Ben Davis
Cortland
Delicious
Number of
Animals
Amount Change in Survival
Fed Daily Weight Average Period
Gravenstein
Jonathan
Grams Grams
2 5 -7R
2 10 238
2 20 306
3 lu. o 277
3 ft 63
3 6 82
3 10 120
3 277
3 3 38
6 5 366
2 5
2 1U 263
2 «20 400
3 6 284
3
cO -77
3 10 125
3
1 f—15 .702
2 20 245
3 5
—l no
2 10 — iUD
2 20 270
s 20 80
LS 2 D
-38
2 10 135
oe 20 223
2 15 242
3 4 50
3 6 155
3 10 175
2 20 285
2 6
-125
2 10
-20
2 15 292
Scurvy
Score
Average Days Average
87
90
90
90
90
78
90
90
85
90
90
90
90
90
80
90
90
90
28
68
90
90
83
90
90
90
90
90
90
90
43
85
90
17.5
1
0
0
3
1.5
0
0
3.5
0
5
0
0
0
4
1
0
00
13
10.5
2. 5
3
13
3
0
0
5
1
tr
0
9
3.5
tr
Table 3 continued
Variety
of Apple
King
King David
Mcintosh
Number of
Animals
2
2
2
3
1
1
2
3
2
2
2
3
Northern Spy
Rhode Island
Greening
Home Beauty
Roxbury Russet
Spitzenburg
Stayman
2
1
2
2
2
2
2
1
3
2
3
3
3
2
1
2
3
2
2
2
3
3
3
3
3
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Amount
Fed Daily
Grams
5
10
20
8.5
5
10
20
15
5
12
25
20
5
10
20
4
5
5
10
20
8.5
5
10
15
20
5
10
20
8
5
10
20
7
5
10
15
20
Change in Survival
Weight Average Period
Grams Average Dsys
-2.5
318
310
245
100
95
263
397
-77
-87
51
57
248
425
178
75
153
-116
363
340
293
100
238
257
342
13
325
320
410
262
420
312
224
0
228
292
312
75
90
90
90
90
90
90
90
36
75
90
72
90
90
90
90
90
63
90
90
90
90
90
90
90
83
90
90
90
90
90
90
90
70
90
90
90
Scurvy
Scot e
Average
7.5
0
0
0.33
4
4
0
0
16
14
4
4
tr
0
0
2
0
13
0
0
tr
2.5
0
0
0
6.5
0
0
0
2.5
0
0
tr
6.5
0
0
0
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Table 3 continued
Variety Number of Amount
of apple Animals Fed Daily
Grams
Tolman Sweet 2 5
2 10
2 20
3 19
Wealthy 3 4
3 6
3 10
3 20
Winesap 2 5
2 10
2 20
2 6.5
Change in Survival Scurvy
Weight Average Period Score
Grams Average days Iverage
-65 63 11
35 90 10
300 90 0
220 90 0.5
-123 57 6
3 80 5
67 80 2
303 90 0
300 90 1
350 90 0
180 90 0
240 90 tr

1




8
o
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animals on each level was plotted for the entire ninety day period.
The level at which the animals were fed is indicated at
the end of each curve. The numbers in parentheses show the average
scurvy score for the animals on each of the feeding levels. The
figure 1933 at the end of a curve indicates the checks that were
run in 1934 on the 1933 crop of apples.
Discussion of the Data.
Assays made on the 1933 crop of fruit were run from
January to April on twelve varieties of apples listed below.
Arkansas Northern Spy
Ben Davis Rhode Island Greening
Delicious Roxbury Russet
Golden Delicious Esopus Spitzenberg
Thompkins King Tolman Sweet
King David Wine sap
The data on these varieties show that a wide variation
in the vitamin C content exists among the varieties of apples.
Some varieties like Northern Spy are particularly high in this
essential nutrient factor, some like Rhode Island Greening and
King are intermediate, and still others such as Tolman Sweet
and Delicious are very deficient. The range in the protective
levels was from five grams in the case of Northern Spy to over
twenty grams per day in the case of Delicious for a three hundred
gram guinea pig.
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The data from three early varieties Red Astrachan,
Gravenstein, and Wealthy assayed as soon as harvested in
the
early fall of 1933 show a considerable variation also in the
vitamin C content. None of the varieties are excellent
sources
of the vitamin though Red Astrachan is a good
intermediate
variety with a probable -protective level of eight
grams.
The data on the check assays run on the 1933 crop
of
apples correspond very well in most instances
with the data
collected on the 1932 crop. This can be seen
readily in Table 3
by comparing the check assays with the
previous ones, as for
example with Rhode Island Greening. The assays
on the 1932
crop show that five grams does not
protect a three hundred gram
guinea pig from scurvy nor does it allow for
gain in body weight.
However ten grams of Rhode Island Greening
does both. The check
assays on the 1933 crop of Rhode Island
Greening was run on
eight and one half grams which does
allow a good gain in body
weight and almost entirely protects
the animals from scurvy.
In order to include some important
varieties which
were omitted in the assays of the
1932 crop tests were run in
1933 coincident with the check
mentioned above. These new assays
were made on Cortland, Jonathan,
Rome Beauty, and Stayman. It
is interesting to note that
Jonathan at fifteen .grams almost
gave
complete protection and that
Bracewell, Hoyle. and Zilva (2)
m Tonathan at ten and twenty gram
levels found
running assays on J n o
,. nn n, twenty grams and slight
protection at
complete protection at
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ten grams. They did not make assays at a fifteen gram level.
A,;ain Potter (24) working with Winesap found poor protection at
five grams and complete protection at ten grams. Similar results
can be seen in Table 3 where ',Vines?p gave fair protection at
five grams, complete protection at ten grams, and while six and
one half grams did not entirely protect the animals from scurvy,
it allowed a good gain in body weight.
It is possible from the data in Table 3 and from the
weight curves in Figures 1 - 7 to estimate fairly accurately the
probable protective level for each variety. The probable protective
level for each variety is given in Table 4.
As can be seen by referring to Table 3 there were no
levels assayed between ten and twenty grams in the case of the twelve
varieties that were assayed in 1933 on the 1932 crop of apples.
Thus, as happened in the case of Golden Delicious and King David
when it was found that the protective level was between ten and twenty
grams it was difficult to arrive at a very close approximation in
estimating the protective level. In both cases fifteen grams was
assumed to be the probable protective level. As a result of
running a fifteen gram level on these two varieties a new estimate
would place the protective level of King David at about twelve
grams and Golden Delicious at about thirteen to fourteen grams.
The check assays on most of the other varieties show that the
probable protective level assumed from the results of the preliminary
assays made in 1933 were fairly accurate. This can be readily
seen by examining Table 3. Take for example the variety King.
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The probable protective level was assumed to be eight
and one
half grams and when this level was run in 1934 the
animals made
an average gain in weight of 245 grams with an
average scurvy
score of 0.33 out of a possible score of 24.
Table 4 brings out clearly the great variation
in the
amount of vitamin C in the apple varieties that
have been studied.
However it is possible to group the varieties into
good, medium good,
fair, and poor sources of vitamin C. This
has been done in Table 5.
It must be realized that these groups are
not hard and fast. The
change from the poorest variety in one group
to the best in the
following group is not great. This table again
brings out the
fact that the greatest number of varieties
stand intermediate as
a source of vitamin C. There are
few really good varieties and
few really poor ones among those that
have been tested.
Dried Apple Experiment
in January 1934 good quality
Baldwin apples were mechanically
.eeled, cored, and sliced into slices
about 3/32 of an inch thick.
Half of the fruit was dipped at
once into a .* solution of sodium
sulfite for anout two minutes.
Both the dipped and the undipped
fruit was dried in trays in a
tunnel dryer at a temperature of 150°
I.
until it had reached a leathery
texture. The fruit that had been
dip.ed into the sodium sulfite
solution dried out a practically
p,re white color
while that which was not dioped
had oxidized to a
medium brown color. An analysis
of the apples immediately after
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Table 4 Probable protective level of twenty-one varieties of apples.
Variety of Apple Months in Storage Probable protective level(gram)
Baldwin 0 4.0
Northern Spy 2 5.0
Ben Davis 2 6.0
Winesap 3 6.5
Esopus Spitzenberg 2 7.0
Rome Beauty 3 7.5
Red Agtrachan 0 8.0
King 2.5 8.5
Rhode Island Greening 2 8.5
Roxbury Russet 2.5 8.5
Stayman 3 8.5
Arkansas 2.5 10.5
Gravenstein 0 11.0
Cortland 2.5 12.0
Wealthy 0 12.0
Golden Delicious 2 15.0
King David 2.5 15.0
Jonathan 2.5 16.0
Tolraan Sweet 3 20.0
Delicious 2 25.0
Mclntoshp 0 more than 25.0
1. Variety was reported by Fellers, Cleveland, and Clague (9).
2. Variety was reported by Fellers, Isham, and Smith (10).
The column "months in storage" refers to the period in storage
at the start of the ninety day assays.
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Table 5 Varieties grouped according to vitamin C content.
Group 1 Good source of vitamin C.
Baldwin
Northern Spy
Ben Davis
Wine sap
Group 2 Medium good source of vitamin C.
Esopus Spitzenberg
Home Beauty
Red Astrachan
King
Roxbury Russet
Rhode Island Greening
Stayman
Group 3 Fair source of vitamin C.
Arkansas
Gravenstein
Wealthy
Cortland
Zing David
Golden Delicious
Group 4 Poor source of vitamin C.
Jonathan
Delicious
Tolman Sweet
Mcintosh
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drying showed 175 parts per million of sulfur dioxide and two
months after drying showed only a trace of sulfur dioxide.
Three guinea pigs on each of the following levels were
used in the assays, namely, one-half gram, one and one-half grams,
both sulfured, and two grams, not sulfured. It is believed that
one-half gram of dried apple is equal to four grams of fresh apple;
one and one-half grams of dried apple is equal to twelve grams of
fresh apple; and two grams of dried apple is equal to sixteen grams
of fresh apple. The results of the assays are summarized in
Table 6. The average weight curves are shown in Figure 8.
Table 6 Vitamin C of Dried Baldwin.
Amount of
dried apple
fed daily
grams
Fresh
apple
equivalent
grams
Number
of
guinea
pigs
Change in
weight
average
grams
Survival
period
average
days
Scurvy
score
average
.5 sulfured 4 3 -60 50 10
1.5 sulfured 12 3 195 90 1.7
2 not 16 2 88 90 3
sulfured
Non-sulfured Baldwin apples lost more than 75 percent of their
original vitamin C content and sulfured Baldwins lost 65 percent of it.
These percentages are based on a four gram level of fresh apple which
when fed at the same time as the dried apple (February-May) would
give the same degree of protection as 1.5 grams of dried apple.
In the case of the non-sulfured apples the protection was not as
great as the four grams of fresh apple, hence there is more than
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754, of the vitamin C content lost "by the drying process.
Though this may lie considered only a preliminary test
it shows that sulfuring apples enough to protect the color with
a 0.156 sodium sulfite solution, does not prevent a considerable
degree of destruction of the vitamin 0 content. The amount of
sulfur retained by these apples is considerably less than that
usually found in commercially evaporated apples.
In Figure 8 is shown the weight curves for three levels
of dried apple. As can be seen the animals on the two-gram
level
made excellent growth during the first half of the experimental
period but lost weight quite rapidly thereafter.
Chromosome Number and Vitamin G Content
There are two main classes of apples so far as chromosome
number is concerned namely the diploid varieties
with thirty-four
^
and the triploid varieties with fifty-one chromosomes
though there
is a crab apple known as Kola which is a tetraploid
with sixty-eight
chromosomes. Most of the cultivated apples, at
least in America,
fall into the class of diploids.
Crane and Zilva (4) in their first studies found
that
triploid varieties such as Bramley' s Seedling
were richer in vitamin
C content than diploids such as Worcester
Pearmain. They suggested
that more work needed to be done to
determine whether chromosome
number would explain the difference in
vitamin C content. Studies
at the Massachusetts Agricultural
Experiment Station (9, 10) showed
that Baldwin, a triploid variety was
a much richer source of vitamin
- 25 -
r
Plate 2. Photograph of animals receiving dried
apple. Left to
right animals receiving .5 gram, 1.5 grams, both
sniffed and 2
grams not sulfured. Photograph taken at about
seventy days. The
animal on the left did not survive the
ninety day period. The
animal in the center had merely a trace
of scurvy while the one
on the right had a moderate scurvy score
at autopsy.
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C than Mcintosh which is a diploid
variety. Crane and Zilva (5)
in some later work assayed ten varieties
of triploids and five
varieties of diploids and found that there
was as much variation
a^ong the triploid as among the diploid
varieties. They con-
cluded that although there may be some
connection between chromosome
number and vitamin C there is not i
neontavertable evidence to that
end.
Of the varieties examined for this
thesis five are triploid,
namely BaU.in. Bhode Island areening.
Arkansas. Kins, and Gravenstein.
There is considerate variation in
the vitamin 0 content of these
varieties as can he seen readily from
Table 2. A list of the five
varieties richest in vitamin 0 as
shown in Tahle 2 include, hut one
triploid. The oniy conclusion that
seems possihle Is that chromosome
..cmher has little if anything to
do with the amount of vitamin 0
present in varieties of apples.
Summary
The literature on vitamin 0
content of apples has heen
reviewed and a tahle of existing
data has heen compiled. A total
of
twenty-one varieties of apples
grown in the college orchards
at
^eret were assayed according to
the method of Shaken. La Ker.
and Cabell (a). The assays
were tended over a period of two
years and in the
case of ten varieties,
check assays were run on the
v ..save were made of good
quality dried Baldwin
previous year's work. As ys
e
,,.„,,, !< sodium sulfite and not
dipped. The
both dipped in a solution
of .l*
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results obtained were as follows.
1. The protective dose of the different
varieties for
a three hundred gram guinea pig was found to
vary from four grams
•per day to more than twenty-five grams.
This is a wide difference
and shows that different apple varieties
vary greatly in their
nutritive value as reflected by vitamin C
content. For example,
the Baldwin is about six to eight times
richer than the Mcintosh.
2. The necessity for mentioning the
variety when
discussing the vitamin C content of apples
is extremely important.
3. The dipping of peeled cored
and sliced Baldwin apples
in a one-tenth percent solution of
sodium sulfite was beneficial
in reducing vitamin C loss during
drying. In spite of the treatment
however approximately sixty-five
percent of the vitamin C was
destroyed. In the case of the
unsulfured apples the loss was
estimated at seventy-five percent.
4. No correlation was found
between chromosome number
and vitamin C content.
- 28 -
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